Purpose This phase II single-institution trial of adjuvant thalidomide after cytoreductive surgery (CS) and hyperthermic intraperitoneal chemotherapy (HIPEC) for patients with appendiceal and colorectal malignancies sought to detect an improvement in progression-free survival (PFS) from 7 to 12 months. Methods Eligible patients received CS, HIPEC, and baseline imaging, followed by pretreatment thalidomide counseling. All participants were then started on a 28-day regimen of thalidomide, 100 mg by mouth at bedtime, followed by 200 mg for 4 weeks, followed by 300 mg as the final maintenance dose, as tolerated. Results Twenty-seven eligible patients (median age 52 years; 52 % appendiceal/48 % colorectal) were enrolled on this trial and included in the analysis, and 26 were evaluable for response. Eighteen patients demonstrated stable disease on adjuvant thalidomide, while eight showed evidence of progression.
Introduction
Peritoneal surface disease (PSD) is seen at an initial presentation of colon cancer in 10 to 15 % of cases [1, 2] and is frequently present with appendiceal tumors. PSD is often associated with a poor quality of life due to symptoms related to mass lesions, obstruction, and/or ascites. Often, PSD can be the sole manifestation of metastatic disease [2, 3] .
Standard surgical resection is considered palliative and thereby is limited in scope for patients having gastrointestinal cancers with trans-serosal tumor invasion presenting with malignant ascites or peritoneal tumor studding. This remains the case even in the absence of distant visceral metastatic disease. There is a poor response to debulking alone since Electronic supplementary material The online version of this article (doi:10.1007/s12029-014-9578-y) contains supplementary material, which is available to authorized users.
persistence of microscopic disease with rapid recurrence is common. Sugarbaker et al. pioneered intraperitoneal chemotherapy combined with cytoreductive surgery (CS) for patients with pseudomyxoma peritonei from mucinous tumors. Their study demonstrated histologic changes of atrophy, degeneration, and reduction in the number of foci of atypical neoplastic epithelium after six cycles of intraperitoneal 5-fluorouracil (5-FU) and mitomycin C [4] .
We have reported our experience with CS and hyperthermic intraperitoneal chemotherapy (HIPEC) for both appendiceal neoplasms and colorectal carcinoma [5, 6] . The 5-year overall survival (OS) rate for appendiceal and colorectal tumors was 53 and 26 %, respectively. Unfortunately, the rate of disease progression and recurrence is still high, with a median progression-free survival (PFS) at 1 year of only 40 % and a median time to progression of 7 months (Shen, 2002 , unpublished data) after CS and HIPEC for PSD from colorectal cancer. These recurrences are the result of the growth of residual disease, which was present at the conclusion of CS and HIPEC. Currently, there is no standard adjuvant therapy given in combination with CS and HIPEC for patients with PSD from colorectal and appendiceal cancer. We hypothesized that by adding an adjuvant antiangiogenic agent to CS and HIPEC in these high-risk patients, we might improve their time to progression and potentially impact their survival by preventing the growth of these micrometastases.
Traditional anticancer therapies have targeted the tumor cell with agents designed to inhibit the cell's ability to proliferate. There are several potential advantages to targeting tumor vasculature, a concept known as antiangiogenic therapy [7] . By focusing on the tumor's blood supply, histologic differences between the tumors, as well as clonal differences within the tumors, may be avoided. This may overcome tumor resistance to therapy as well as the result in therapies that can be more universally applied across tumor types [8, 9] . In order for the tumors to grow from a microscopic focus into a macroscopic lesion, blood vessel formation is required. By impacting on the ability of tumor neovessels to form, it is hoped that the progression of microscopic foci will be halted.
Thalidomide (THALOMID®, Celgene Corporation, Summit, NJ) is an antiangiogenic agent that has been shown in preclinical models to prevent the development of neovascularization [10, 11] . The oral dose of 200-300 mg/day has been otherwise well tolerated in various clinical trials with the most common side effects being somnolence, dizziness, constipation, and peripheral neuropathy. Antiangiogenic agents are likely to show their greatest effect on the development of early neovasculature during the growth of micrometastases. This trial sought to address this clinical scenario by evaluating the effect of oral thalidomide in patients following CS and HIPEC for PSD from colorectal and appendiceal cancer.
Materials and Methods
The study was approved by the Institutional Review Board of Wake Forest University Health Sciences and the Protocol Review Committee of the Comprehensive Cancer Center of Wake Forest University. All patients provided written informed consent prior to enrollment. Between December 2002 and July 2006, 27 eligible patients were registered at Wake Forest University Baptist Medical Center in a phase II trial of adjuvant thalidomide after HIPEC for appendiceal or colorectal cancer. Eligible patients were ages ≥18 years old who had undergone CS and HIPEC for PSD secondary to colorectal or appendiceal cancer with pathologic confirmation, including those with residual disease and those with no evidence of disease post-HIPEC. They were also required to participate and comply with the System for Thalidomide Education and Prescribing Safety (S.T.E.P.S.®). Patients were excluded from the study if they had severe comorbid illness, greater than Grade 1 peripheral neuropathy, history of deep vein thrombosis or pulmonary embolism, extra-abdominal disease, or an active second malignancy other than nonmelanoma skin cancer. Patients with a history of other malignancies must have been disease free for at least 5 years.
Primary and Secondary Objectives
The primary objective of the study was to determine time to progression from surgery for patients with PSD from colorectal or appendiceal cancer receiving CS and HIPEC followed by adjuvant thalidomide. Secondary objectives were to estimate PFS and OS probability and obtain toxicity data for patients receiving adjuvant thalidomide after CS and HIPEC for PSD from colorectal or appendiceal cancer.
Surgical Treatment and HIPEC
The specific details of CS and HIPEC have been described in previous publications [12] . The resection status of patients was determined following CS using the following classification: R0, complete removal of all visible tumor with negative microscopic margins; R1, complete removal of all visible tumor with positive microscopic margins; R2a, minimal residual tumor, nodule(s) ≤0.5 cm; R2b, gross residual tumor, nodule(s) >0.5 cm but ≤2 cm; and R2c, extensive disease remaining, nodule(s) >2 cm.
Surgical complications and deaths were identified and classified according to a system proposed by Clavien and associates [13] . Grading of complications was mainly based on the therapy used to treat it and had been shown to significantly correlate with the complexity of surgery and the length of hospital stay.
Treatment Plan
Eligible patients were given thalidomide as a 28-day supply with female participants required to have a negative urine pregnancy test documented before receiving each 28-day supply. Patients started with thalidomide 100 mg per orem (PO) every hours of sleep (qhs) for 4 weeks, then progressed to 200 mg (PO qhs) for 4 weeks, and then progressed to 300 mg (PO qhs) as the final maintenance dose, as tolerated.
Toxicity/Dose Modifications
Toxicity assessments were performed monthly using the Common Toxicity Criteria (CTC) of the National Cancer Institute Version 2.0. With regard to dose modifications, grade 3 nonhematologic or grade 4 hematologic toxicity resulted in a dose reduction to the previous dose level the patient was receiving safely when the toxicity occurred. If toxicity reversed, patients were returned to the dose of drug in the escalation schema they were receiving prior to the toxicity. If toxicity persisted despite dose reduction, patients were taken off the study at the discretion of the principal investigator. Patients who experienced grade 2 or greater peripheral neuropathy had their dose held until they returned to grade 1 toxicity or their baseline. At that point, they restarted thalidomide at the previous dose level that they were receiving safely before the toxicity occurred. If the patients experienced grade 2 or greater peripheral neuropathy at the previous dose, they were removed from the study at the discretion of the principal investigator. Eelectromygraphy was performed at the discretion of the principal investigator. All patients were placed on a bowel regimen to avoid constipation. Patients who experienced grade 3 constipation refractory to stool softeners and laxatives had their dose held for 2 days and then reduced to the previous dose level they had received safely before the toxicity occurred. If the symptoms did not resolve, patients were taken off the study at the discretion of the principal investigator. Patients that experienced unacceptable levels of sedation on the drug were reduced to the previous dose level the patient was receiving safely when the toxicity occurred. It should be noted that thalidomide was given at bedtime. If the sedation persisted despite dose reduction and there was unacceptable somnolence, the patient was taken off the study. Patients were cautioned not to operate a motor vehicle or heavy machinery if they experienced significant sedation.
Assessments
Patients were seen at 3-month intervals following CS and HIPEC (or every 4 weeks following a dose modification until they have returned to a stable dose of thalidomide). Patients returned to the clinic every 28 days to receive a new prescription of thalidomide. Patients received telephone calls in between monthly visits. At these 3-month follow-up time points, the following were performed: routine staging studies (CT or MRI), serum CEA and CA 19-9 level (if preoperative levels were elevated), CBC, hepatic function panel, serum creatinine, PT, and PTT. CBC and hepatic function panel were also drawn monthly while on dose escalation. Female patients receiving thalidomide who were of childbearing potential were required to have a urine pregnancy test done within 24 h of beginning thalidomide, weekly for the first 4 weeks of treatment, and then every 4 weeks if the patients' periods are regular or every 2 weeks if they are not.
Statistical Design and Analysis
Sample size calculations were based on an improvement of PFS from 7 to 12 months (67 % increase). The present study was conducted as a phase II single arm trial to provide suggestive evidence that thalidomide as adjuvant therapy after CS and HIPEC was likely beneficial and would merit further study in a multicenter phase III trial or that it was not beneficial, in which case, further development for use in this disease would end. In order to detect a difference between 7 and 12-month median PFS, using a one-tailed alpha=0.05 and 90 % power, an accrual goal of 43 patients was selected. This assumed a 24-month accrual period and 12 months of additional follow-up after the last patient had been entered. Final analysis was performed at least 12 months following the entry of the last patient or when all patients had documented progression.
OS was estimated as time to death from any cause using the Kaplan-Meier method, as well as PFS. Logrank tests were used to test for significant differences in OS and PFS, unadjusted for other patient characteristics. Cox proportional hazards regression was used to test for significant associations of patient and clinical characteristics with OS and PFS. A multivariable model with gender, age at HIPEC surgery, resection type, and primary disease site was estimated. The proportionality assumption was tested based on Schoenfeld residuals and demonstrated adequacy. A two-sided P value less than 0.05 was considered to be statistically significant. All analyses were performed using Stata v11.2 (StataCorp LP, College Station, TX).
Results

Patient Characteristics
Twenty-seven eligible patients were enrolled on this singleinstitution trial and were included in the analysis. Patient characteristics are summarized in Table 1 along with univariate analysis for PFS and OS. One patient was found to have had a previous CS and HIPEC procedure after enrollment and was therefore ruled ineligible for the study and not included in the analysis.
Responses and Survival
Out of the 27 eligible study patients, 26 were evaluable for response. Eighteen patients had stable disease on adjuvant thalidomide, while eight patients had progressive disease. There were no conclusive partial or complete responses in our study population in the patients with residual disease after CS and HIPEC. The median OS and PFS (Fig. 1) The results from Cox proportional hazards multivariable modeling for PFS and OS are given in Table 2 . R0/R1 and R2 patients had a median PFS of 42.3 and 6.4 months, respectively. Median OS was not reached for R0/R1 patients (all OS estimates were >50 %). Median OS for R2 patients was 29.8 months (95 % CI=12.8, 64.9).
The 1-, 3-, and 5-year PFS rates for R0/R1 and R2 patients were 69.2, 53.9, and 30.8 % and 28.6, 14.3, and 0 %, respectively (Fig. 2) . The 1-, 3-, and 5-year OS rates for R0/R1 and R2 patients were 100, 69.2, and 61.5 % and 85.7, 42.9, and 34.3, respectively (Online Resource 1).
Appendiceal and colorectal patients had a median PFS of 29.0 and 7.0 months, respectively. Median OS time was not reached for appendiceal patients. Colorectal patients had a median OS of 30.0 months. The 1-, 3-, and 5-year PFS rates for appendiceal and colorectal patients were 71.4, 50.0, and 41.7 % and 23.1, 15.4, and 0 %, respectively (Fig. 3) . The 1-, 3-, and 5-year OS rates for appendiceal and colorectal patients were 92.9, 78.6, and 71.4 % and 92.3, 30.8, and 23.1 %, respectively (Online Resource 2).
Toxicity
Grade 3/4 toxicities >5 % included thromboembolism (8 %), neurological disorders (16 %), nausea (12 %), and vomiting (8 %) (Table 3 ). Other grade 3/4 toxicities included constipation, hemorrhage, hypertension, febrile neutropenia, and creatinine, each affecting one patient. Nine patients withdrew due to adverse events (Online Resource 3). Median length of treatment in our study was 155 days (range 26-609). Those patients who withdrew due to drug toxicity compared with those who did not had a median length of treatment of 126 and 179 days, respectively. There were 12 postoperative complications for a morbidity rate of 44 % (12/27). This included two grade 1, six grade 2, and four grade 3 occurrences (Online Resource 4). Twenty-five percent of complications were hematologic related to the HIPEC. There were no postoperative deaths.
Discussion
Previous studies have demonstrated the benefit of CS and HIPEC in improving disease-free survival and OS in patients with PD from appendiceal and colorectal cancer [5, 14] . Unfortunately, a majority of patients have a disease recurrence despite the use of aggressive CS and HIPEC due to low- [15, 16] . Traditional systemic chemotherapy for peritoneal malignancies is limited in efficacy due to poor penetration into the peritoneum. In this study, thalidomide was selected for adjuvant therapy based on its antiangiogenic properties, as it could theoretically slow or stop the growth of neovessels associated with residual disease. The use of thalidomide for peritoneal disease was described in a pilot study of ten patients (seven with ovarian adenocarcinoma, two with papillary serous peritoneal adenocarcinoma of the peritoneum, and one had both) [17] . All patients had failed standard chemotherapy regimens. Doses started at 200 mg/day and increased to 400 mg/day with no concurrent chemotherapy. Two patients went to hospice before completing the study; however, of the eight assessable patients, there was one partial response by the RECIST criteria, and two patients had a biochemical response based on decreasing CA 125 levels. All three responders had peritoneal disease. Another phase I clinical trial also used thalidomide in 17 heavily pretreated patients with recurrent ovarian and primary peritoneal cancers [18] . The initial dose was 100 mg/day with dose escalations up to 1,200 mg/day as tolerated. Grade 1 or 2 side effects had an incidence of 65-76 % while grade 3 or 4 events occurred in 29 % of patients. Three (18 %) patients had a partial response and six (35 %) had stabilization of disease after 6 months.
Experience with thalidomide in gastrointestinal malignancies is limited. A phase II clinical trial examining the effects of thalidomide in refractory progressing metastatic colorectal cancer was published in 2003 [19] . Seventeen patients who had failed the standard chemotherapy regimens were entered. Patients were treated with 200 mg/day with an increase in dose by 200 mg/day every 2 weeks until a final daily dose of 800 mg/day was achieved. One patient was removed from the study due to drug toxicity. There were no objective responses or stable disease. Median OS was 3.6 months. In our series, three of the colorectal patients had received preoperative chemotherapy. Only three (17.6 %) of the patients in this study had peritoneal disease. The vast majority had visceral metastatic disease. Although the primary end point of improved time to progression was not met in our study, the results do show a trend toward longer PFS of 9.3 months compared with the historical value of 7 months. The study did not meet its accrual goal, so one cannot tell if the primary end point would have been reached if all 43 patients had been entered in the study. The trial was closed due to a combination of slow accrual and toxicity from the thalidomide. Thirty-three percent of the patients in this study were taken off the study for apparent grade 3/4 drug toxicities. The most common causes were neurologic side effects (15 %) and thrombosis/embolism (7 %). The toxicity of the study drug may have been exacerbated in this patient population since all subjects had recently undergone a major surgical procedure which may have rendered them more susceptible to the side effects of thalidomide.
It is possible that a modified dosing schedule that takes into account the postoperative recovery of these patients may have helped to reduce the patient dropout rate.
The study results did highlight the significant differences in the clinical outcome between patients with appendiceal and colorectal cancer and those patients who received a complete resection of all gross disease compared with those who did not. Appendiceal patients and those with R0/R1 resections had significantly improved PFS and OS. Both factors were independent predictors of PFS and OS in multivariate analysis comparing other demographic and clinicopathologic factors.
Palumbo et al. reviewed the toxicity of thalidomide in patients with multiple myeloma (MM) and reported the frequency and severity of thalidomide side effects are doserelated and time-dependent [20] . Peripheral neuropathy in MM patients usually occurs after prolonged administration of a drug. With regard to the toxicities encountered in our study, 70 % of the patients developed neurologic side effects after 12 months of treatment, although most were grade 1/2. Depression has also been reported by Palumbo et al. [20] and this did occur in one of the patients taken off in our study.
In our study, the median length of treatment was 155 days. Those patients who withdrew due to toxicity had a median length of treatment of 126 days compared with 179 days for those who did not withdraw due to toxicity. No obvious clinical variables were found to predict those who would experience significant toxicity compared with those who did not. The patient numbers were too small to perform logistic regression analysis for significant associations.
Thromboembolic events are one of the most important side effects of thalidomide. The pathogenic mechanisms of deep vein thrombosis (DVT) associated with thalidomide have not been clearly established. Typically the risk of DVT increases when thalidomide is administered with chemotherapy due to endothelial cell injury and the subsequent restoration of endothelial cell PAR-1 expression [21] . When given alone without chemotherapy in newly diagnosed MM patients, the DVT/ pulmonary embolism (PE) rate is 3 % [22] compared with our rate of 7 %. The hypercoagulable state induced by surgery and malignancy most likely played a role in the increased incidence in our study population. In MM patients, Palumbo et al. suggested using thromboprophylaxis for those on single-agent thalidomide with other risk factors for DVT/PE. This was not done in our study, although our current practice is to send patients home with two additional weeks of thromboprophylaxis using subcutaneous Lovenox. Previous studies have shown that PSD from appendiceal cancer typically has a more favorable prognosis and slower progression than PSD associated with colorectal cancer [23, 24] . Our results support this concept as subgroup analysis shows a statistically significant difference in PFS and OS between the two groups, favoring appendiceal cancer. Although there is a different tempo of disease progression between the appendiceal and colorectal groups, both are uniformly fatal without aggressive intervention. As has been demonstrated by the previous studies, PFS and OS were improved in patients undergoing more complete cytoreduction [14, 25, 26] .
Over the last several years, the introduction of novel chemotherapy strategies in metastatic colorectal cancer has extended the median OS to approximately 2 years [27] . Patients with PSD represent a challenging population based on the relative inability of chemotherapy to penetrate the peritoneum. A recent study provided evidence that patients with PSD from colorectal cancer had worse outcomes compared with stage IV patients with other metastatic sites in several large cooperative group chemotherapy trials [28] . In addition, the biology of appendiceal tumors is not well understood due to the rarity of the disease. Colorectal cancer with peritoneal-only disease appears to represent a different, more aggressive tumor biology. This can make it difficult to identify the targets for biologic therapy.
Although this study does suggest a possible effect of antiangiogenic therapy in PSD from appendiceal/colorectal cancer, no definitive conclusions can be made. The NSABP C-08 examined the role of adding bevacizumab, another antiangiogenic agent, to modified FOLFOX6 as adjuvant therapy for stage II and III colon cancer in a phase III clinical trial. It was a negative study with the addition of bevacizumab having no significant effect on the primary end point of disease-free survival [29] . Thus, the role of adjuvant therapy using an antiangiogenic approach after CS and HIPEC for metastatic appendiceal and colorectal malignancies remains unclear. Currently, the use of thalidomide in this setting is not recommended outside of a clinical trial. Further trials are needed to address the need for effective adjuvant therapy for patients who undergo CS and HIPEC for PSD from appendiceal and colorectal malignancies.
